Injuries are a major public health problem, resulting in high health care demand and economic burden. They result in loss of disability adjusted life years (DALYs) and high out-ofpocket expenditure. However, there is little evidence on the economic burden of injuries in India. We undertook this study to report out-of-pocket expenditure and the prevalence of catastrophic health expenditure for injuries related hospitalizations in public sector hospitals in North India. Further, we also evaluate the determinants of catastrophic health expenditure.
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Introduction
Globally, every year, 973 million people sustain some form of unintentional injury while 4.8 million people die as a result of injury [1] . This accounts for 9% of the world's deaths, nearly 1.7 times the number of fatalities that result from HIV/AIDS, tuberculosis and malaria combined [2] . Unintentional injuries including road traffic injuries (RTI), falls, burns and drowning account for about three quarters of injury related deaths [3] . RTIs in particular are the leading cause of injury related deaths, disabilities, hospitalizations and socioeconomic losses with nearly 1.36 million deaths worldwide in 2015 [4] . Injuries in general have been ranked as the leading cause of disability-adjusted life years (DALYs) lost among economically productive group of 15-to 29-year-olds [5] .
Injuries have a significant economic burden, when viewed both from the microeconomic or macroeconomic lens, as they impose heavy costs on the individual and the society. The cost of injuries in India is estimated to be between 2-3% of the gross domestic product (GDP) [6] . At the household level, these result in very high out-of-pocket payments, pushing the families of the victims to face financial catastrophe. National sample survey (NSS) reports average outof-pocket (OOP) expenditure per injury-related hospitalization case in India to be INR 23,491 (USD 368.9) [7] . Other cross-sectional studies conducted in various parts of the country estimated average OOP expenditure for RTI to range from US$ 100 to US$780 [8] - [11] . Further, injury-related OOP expenditures are often catastrophic in nature. Prevalence of catastrophic health expenditure (CHE) among RTI and non RTI patients has been reported to be 27.0% and 34.4% respectively [11] . Another recent study found the odds of facing CHE for injuries to be 4.03 (3.16-5.15 p <0.001) times higher than communicable diseases [12] .
Apart from the direct OOP expenditure, victims also incur indirect costs in terms of lost productivity (work loss) on account of both the victim as well as the caregivers. Despite this, the majority of the literature does not include lost productivity and workplace losses, and so lack a valid and complete estimate of the economic burden of injuries [13] . A systematic review was conducted by Wesson et al, on the extent and quality of economic evidence related to injuries in lower and middle income countries. It reported that, majority (49%) of the studies were hospital based and one in every two studies on injuries described RTIs only. Further, only 32% of the studies included indirect costs besides direct expenditure (medical and nonmedical) [14] . Reddy et al, examined both direct and indirect costs related to traffic crashes, however, this study had a very small sample size (95 crashes) without inclusion of follow-up costs [8] . A large scale household level survey undertaken in Bangladesh and Bangalore to assess the incidence and impact of RTIs, explored the aspect of productivity losses. While, the study reports on the extent of working days lost as a result of RTI (which ranged from 89 days to 124 days in Bangladesh and 133 days to 180 days in Bangalore), it did not quantify the magnitude of economic losses as a result of lost productivity [10] . Majority of previous research has reported on the economic burden associated with road traffic crashes only [8] - [11] , [15] , [16] . Moreover, a complete assessment of financial impact is also lacking as studies include expenditure incurred only at the time of hospitalization and the patients are not followed up beyond discharge. The after discharge period might involve the major portion of the expenditure in many cases. Results from our earlier study indicate that mean OOP expenditure over 12 months, following discharge, were 2.5 times the OOP amount incurred during hospitalization [11] .
We undertook this study to assess the extent of direct OOP expenses and indirect costs due to injury-related hospitalization including costs up to 12 months post discharge. We also assess the prevalence of catastrophic health expenditure and change in poverty head count i.e. impoverishment as a result of OOP expenditure.
Methodology

Study settings
The study protocol has been previously published [13] . Patients were recruited from three health care institutions: the Postgraduate Institute of Medical Education and Research (PGI-MER), a tertiary care institution located in Chandigarh; Government Multi-Specialty Hospital (GMSH), a secondary care institution also located in Chandigarh; and Government Hospital, a secondary care institution located in Panchkula district of Haryana. The choice of these three hospitals was purposive, as these catered to large volumes of trauma patients. Patients were recruited for the present study from April to August 2015 from the emergency ward/ trauma care centre of the three hospitals.
The Postgraduate Institute of Medical Education and Research (PGIMER) is a large 1850 bed super specialty hospital. The Advanced Trauma Centre (ATC) of the institute is a specialized and fully equipped centre catering to the needs of trauma victims. Besides the injury patients who come to ATC directly, this hospital serves as a referral centre for hospitals in Chandigarh and neighboring states such as Punjab, Haryana, Himachal Pradesh, Uttar Pradesh etc. ATC is equipped with an out-patient department, an in-patient department, operation theatre and diagnostics services including all necessary radiological and pathological tests. A total of 5,392 trauma patients received care at the trauma centre during 2014-15.
Government Multi-Specialty Hospital is a 500 bed secondary care hospital providing care to the residents of Chandigarh and the surrounding states. A total of 1,574 trauma cases received care during 2014-15.
District level hospital is a 300 bed secondary care hospital located in Panchkula district of Haryana. Trauma patients are treated along with other emergency patients at the emergency centre of the hospital. Severe trauma injury patients in this hospital are referred to other tertiary care hospitals in the region. A total of 11,511 trauma patients received care at district hospital during 2014-15.
Study design
A prospective cohort study approach was used to recruit 2955 participants of all ages injured due to various causes like road crashes, falls, burns, mechanical injuries, animal bites, poisoning, drowning etc. requiring overnight hospitalization at the three participating hospitals. Overnight hospitalization was defined as a stay of over 12 hours in the hospital, with the patient being admitted and discharged on different dates.
Sample size was estimated assuming a prevalence of catastrophic health expenditure rate to be 22% from a previous study [9] , with a precision of 1% and a confidence interval of 95%. Based on these assumptions, a sample size of 2955 was considered appropriate. The sample distribution in PGIMER, Government Multi-Specialty Hospital, and the district level hospital was 2327, 553 and 75 respectively.
Patients were interviewed using a pretested structured questionnaire. Face to face interviews were conducted at the time of hospitalization while follow up interviews were conducted over the phone at 1, 2, 4 and 12 months after discharge [17] .
Data collection
During baseline interviews, detailed information was collected from patients or primary caregivers on general socio-demographic characteristics of the patient such as age, gender, education, income, household consumption expenditure. Household consumption expenditure was defined as the total monetary values of all the items (i.e., goods and services) consumed by the household on domestic account during the reference period, inclusive of the imputed values of consumption of goods and service which are not purchased but procured otherwise for consumption [18] . However, this data could not be collected in 28% of the cases. The respondents were interviewed for type and mechanism of injury, treatment details, length of hospital stay etc. Finally, data were also collected on a daily basis during hospitalization until discharge regarding OOP expenditure during the last 24 hours. This included OOP expenditure for user fees, medicines, diagnostics, procedure charges, transportation, informal charges and others. User fees included any fees that were charged by the hospital for doctor consultation, supply and medical material costs, bed charges etc. Procedure charges refer to fee charged by the hospital for any major or minor surgical procedure undertaken. Any form of expenditure which was incurred but the patient was unable to classify it into any of the above stated categories was analyzed under any other expenditure. OOP health expenditure was also elicited during follow up interviews. Data on indirect costs were elicited by interviewing both patients and their caregivers. Indirect costs refer to the value of time lost because the patient and the caregivers are unable to carry out normal productive activities because of injury. Patients and all caregivers (one or multiple) accompanying the patients during the period of hospitalization were interviewed to estimate indirect costs.
Post-hospitalization data collection. During the follow-up interviews over the phone at 1, 2, 4 and 12 months, OOP expenditure incurred on medicines, diagnostics, transportation and user fees (in case of follow up visits) since the period of discharge/ last interview was recorded. The number of patients who were contacted and interviewed during follow-up period is shown in Fig 1. More than 85% of all eligible patients were interviewed at 12 months following discharge. (S1 Dataset)
Data analysis
Data were analyzed using SPSS version 21. Descriptive statistics were used to analyze sociodemographic profile of the injury patients. Further chi-squared test was applied to check for the relationship between patients' socio-demographic characteristics and injury type. Average OOP expenditure (mean and median) incurred for the period of hospitalization due to injury and up to 12 months post discharge for various types of injuries was calculated. To assess bivariate associations between the study variables independent t-test and ANOVA were used. The independent study variables were grouped into categories for data analysis. For categorizing age groups programmatic classification was followed. In order to classify education and income standard National Sample Survey Organization (NSSO) classification was used [7] . Hospitalization duration (length of stay) was grouped based on exploratory data analysis with regard to the number of patients in each category. Further, this was also done based on expert consultation as length of stay is an important proxy of severity of injury. The hospital length of stay was grouped into categories (0-3 days, 4-6 days, 7-10 days and >10 days).
The prevalence of CHE and increase in relative poverty head count due to hospitalization as a result of injury was measured. CHE was defined as any OOP expenditure on health care that exceeds 30% of the annual consumption expenditure [11] , [13] , [19] [20] [21] [22] [23] . Further, the threshold was varied from 20% to 40% in the sensitivity analysis. Odds of facing CHE according to socio-demographic and injury related characteristics of the patients were calculated and p-values were computed using chi-squared test. CHE and its determinants were estimated using direct OOP expenditure for the period of hospitalization only.
We also estimated the impoverishment induced as a result of OOP expenditure on hospitalization due to injury using direct OOP expenditure for the period of hospitalization. For this indicator, we calculated the poverty headcounts by computing per capita household consumption expenditure before and after injury. Age and household consumption was adjusted using the OECD equivalence scale [24] . Households with adjusted per capita consumption expenditures below the given poverty threshold of International Dollars (Int$) 1.90 per capita per day were considered below poverty line. Finally, the difference between the pre-and post-injury headcounts provided the impoverishment rate as a result of injury hospitalization.
Multiple logistic regression analysis was performed to identify the factors associated with odds of incurring catastrophic expenditure and impoverishment due to hospitalization. Prevalence of CHE and impoverishment were taken as the dependent variables in two separate logistic regression models. The independent variables included in the model were age of the patient, gender, educational status, health insurance, income quintile, type of hospital, hospitalization duration and type of injury. The probability of CHE was calculated using the following logistic equation [25] Prob y ¼ 1
Where, y = having catastrophic health expenditure; [Yes = 1, Otherwise = 0] β = a set of parameters to be estimated x = a set of predetermined variables For calculating indirect costs, human capital approach (HCA) was used [26] . Loss of working days was recorded, that is the days that a person (patient as well as the caregiver) missed or remained absent from his/her work due to hospital stay. For those actively employed in the labor workforce, per day income as reported by the individual was used for calculations. For individuals not part of the workforce, instead of taking per day income as zero, an average minimum daily wage rate for India specific to gender and area of residence (rural/urban) was imputed [27] . This was done in order to avoid any sort of underestimation. Productivity losses for children below the age of 14 years was assumed to be zero, as legal age for working in India is 14 years and above. For any person dying, as a result of injury, indirect costs were calculated at the current wage rate for employed and imputed wage rates for unemployed until the age of retirement (assumed to be at the age of 60).
Additionally, indirect costs were also estimated using friction cost approach (FCA). Contrary to the HCA, FCA is based on the concept of worker replacement and generates more realistic estimates particularly in scenarios where worker replacement from labor reserves is possible. In the FCA, the productivity losses are limited to the working population for a specified time interval referred to as the friction period. The friction period is defined as the time span until which the individual who is absent from work due to illness is replaced by another individual, thus restoring the production levels of the organization [28] . In our calculations we used a friction period of 3 months [29] . Further, it has been reported that the annual labor time is not equivalent to the annual labor productivity. This means that one month of absence from work is not equal to one month of production losses, thus while estimating indirect costs using FCA a correction factor referred to as elasticity is needed [28] . In our analysis, we used an elasticity value of 0.8 which translates into a 10% reduction in labor time results in an 8% decrease in production [29] .
Ethical consideration
Written informed consent was obtained from the study participants. In case of inability of the patient to give informed consent, it was sought from the immediate attendant/caregiver accompanying the patient. Ethical approval to undertake the study was obtained from Institute Ethics Committee of the Post Graduate Institute of Medical Education and Research, Chandigarh, India. Administrative approvals to collect data were also obtained from concerned authorities of the respective study hospitals.
Results
A total of 2955 injury patients were recruited for the study. More than half of the hospitalizations were due to road traffic injuries (RTI) (57%), followed by falls (23%). Most commonly, patients were male (79.3%), aged 16-30 years (38.7%), educated above 10th year of education (44%) and without any form of health insurance (83%), as shown in Table 1 .
OOP expenditure and its determinants
Mean OOP expenditure per injury-related hospitalization was INR 16,768 (USD 263). Specifically, OOP expenditure was highest for burns, at INR 23,957 (USD 376), followed by RTIs, at INR 17,830 (USD 280), as shown in Table 2 . OOP expenditure on medicines was the biggest component, constituting 47% (USD 123) of the total expenses, followed by procedure charges (25%, USD 85.4), (Fig 2) . After 12 months following discharge, the overall mean expenditure had increased by 1.5 times (INR 25,420; USD 399) when compared with expenditures during Table 3 .
Indirect costs of hospitalization due to injuries
Mean indirect cost due to injury-related hospitalization according to HCA and FCA was estimated to be INR 8,164 and INR 2,870 respectively ( 
Catastrophic Health Expenditure (CHE)
The prevalence of catastrophic health expenditure for hospitalization due to injuries at 30% cut-off was 22.2%. As expected, the prevalence of CHE increased to 30.7% at a lower threshold of 20% and decreased to 16.2% at a higher threshold of 40%. Poverty head count as a result of injury-related hospitalization was 12.2%. Prevalence of CHE and impoverishment were Out-of-pocket expenditure and prevalence of catastrophic health expenditure on injuries significantly higher for poorest quintile, seeking care at tertiary care hospital and increased duration of hospitalization (p< 0.001) as shown in Table 5 . Table 6 reports odds of facing CHE and impoverishment estimated using logistic regressions. It was seen that wealth quintiles, type of hospital and duration of hospitalization are the significant determinants of CHE and impoverishment.
Discussion
Injuries are a major public health problem in India [30] . The present study was conducted to identify economic impact of injuries in terms of out-of-pocket expenditure and prevalence of catastrophic health expenditure for patients hospitalized due to different forms of injuries.
Overall it was estimated that direct OOP expenditure for hospitalizations was INR 16,768 (USD 263) while the indirect productivity loss was INR 8, 164 (USD 128) . The prevalence of catastrophic expenditure was 22.2% with about 12.2% slipping below poverty line as a result of costs incurred.
Findings in context of existing evidence
Our estimate of mean OOP expenditure per hospitalization due to injury is less than that reported in the recently conducted National Sample Survey 71 st round on health care service utilization and expenditures (INR 23,491 per hospitalization case) [7] . This is likely due to the fact that we recruited all our patients from secondary and tertiary level public sector hospitals, while NSSO data comprise mix of public as well as private sector hospitalizations due to injuries. On an average OOP expenditures in the private sector are almost five times higher than those in the public sector (INR 36,255 and INR 6,729 respectively) [7] . Further it was found that mean OOP expenditure after 12 months following discharge had increased by 1.5 times when compared with expenditures during hospitalization. This is in line with our earlier study which reports a slightly higher increase in mean OOP after 12 months (2.5 times) as it was undertaken at tertiary care level only [11] . OOP expenditure per hospitalization case was found out to be highest for burns (USD 376) followed by RTI (USD 280), which is coherent with other studies showing that burns (USD 427) account for maximum OOP expenditure out of the all forms of injuries [31] . The same study reported OOP expenditure for RTI as USD 367 while another study conducted specifically for RTI reported OOP as USD 363 [32] .
Medicines accounted for nearly half of the total OOP payments (47%) made by the patients hospitalized due to injuries. This is corroborated by numerous studies stating medicines form a large component of total OOP expenditure [33] [34] [35] . To curtail such expenses the public health system needs to be strengthened by ensuring a good supply chain to meet demands for drugs and diagnostics [36] . The prevalence of catastrophic health expenditure was 22.2%. Prevalence of CHE was significantly more with increase in age, poorest quintile, hospitalization in tertiary care hospital and increased duration of hospitalization (p< 0.001). The odds of facing CHE were highest among elderly (<60 years) as they incur higher OOP expenditures owing to pre-existing functional disabilities and physical conditions [37] . Also the prevalence of CHE and impoverishment increased with increasing duration of hospitalization. These findings are similar to a study conducted in Vietnam which also reported longer hospital stay, older age, lower income to be significantly associated with increased risk of CHE [31] . Further, the odds of facing CHE and impoverishment were higher for those hospitalized at tertiary care level as compared to those at secondary care level because higher OOP expenditures incurred at the former. The difference in OOP expenditure may be attributed to the difference in the case mix of the patients (more severe patients receive care at tertiary level institutions), the intensity of resource use, the skill mix of healthcare professionals (highly skilled at tertiary care level). It was seen that while OOP expenditure showed a progressive pattern (higher OOP as a proportion of income for the richest quintile), the effect of impoverishment was regressive (significantly higher for the poorest quintile). Similar results have been reported by previous studies conducted for injuries specifically or CHE due to hospitalization in general [8] , [38] . These results highlight a great degree of inequity in the distribution of impoverishing effects of injury-related hospitalization across income quintiles. A number of reasons have been cited in the literature to explain these findings. Firstly, a significantly large proportion of the Indian population lies just above the poverty line. For them, even lower amount of OOP expenditure results in the household being pushed below poverty line. Secondly, lack of efficient risk pooling mechanisms results in higher impoverishment rates. Reducing such inequalities is one of the fundamental objectives under universal health coverage. Further, it was seen that being covered under a health insurance scheme did not guarantee protection from facing CHE. These findings related to effectiveness of health insurance for reducing OOP expenditure and CHE are similar to what has been reported in a recently published systematic review of impact evaluation of large publicly financed health insurance schemes [39] . This review reports that the majority of insurance schemes, while increasing the utilization of healthcare services, do not result in a significant reduction in OOP expenditure or improvement in prevalence of CHE. A number of reasons have been cited to explain this paradoxical finding. Firstly, it could be due to the significantly lower benefit package which results in people spending out of pocket from their side. Secondly, due to poor regulation private hospitals continue the practice of balance billing to the patients. Thirdly, lack of awareness among insured population results in patients accessing care from providers who are not covered under the insurance scheme. In the case of our study the public sector hospitals are not covered under any health insurance scheme. To overcome these issues, the recently launched Pradhan Mantri Jan Aarogya Yojna (PMJAY), has incorporated a much higher benefit package (INR 500,000) and proposes a management information system to track practices of private practitioners as well as patient satisfaction [40] . Further, various cashless insurance schemes designed specifically for road accident victims have been started by the central and state government [41] [42] [43] . An early evaluation of one such scheme, the 'Cashless scheme of health insurance for road accident victims' implemented on pilot basis by the Ministry of Road Transport and Highways (MoRTH), Government of India (GoI) shows a reduction in OOP expenditure and FRP among those who were a beneficiary of the scheme in comparison to those who were not entitled to receive the benefits of this scheme [41] . These findings imply the need for targeted risk pooling mechanisms and free delivery of services at the point of contact.
The mean indirect cost of injury-related hospitalization according to HCA and FCA was INR 1,853 and INR 28,704 respectively. According to neoclassical economic theory, the concept of productivity is based on the production function, where output is a function of capital input, labor input and technology allowing for substitution between different types of inputs. Productivity is a measure of output per unit of input [38] . In this context productivity loss is the output lost corresponding to lost input due to injury-related hospitalization. It is the value of time for those activities which are foregone by the patient and his/her caregiver while the patient is hospitalized. In this case input is measured in terms of income per working day foregone [26] .We found that while the OOP expenditure was higher during the hospitalization period as compared to follow-ups, the reverse was true for indirect costs. Majority of the OOP expenses are incurred during the hospitalization period as major surgical procedures, diagnostic tests etc occur at that time and relatively lesser expenditure related to drugs and follow-up visits were incurred as part of post-discharge OOP spending at different follow-up intervals. On the other hand, indirect costs were higher when calculated at different follow-ups as compared to hospitalization period because more working days were lost during the former. While we obtained a higher value of indirect costs when calculated by HCA, it might be seen as an overestimation. Contrary to the HCA, which takes a societal perspective, FCA calculations are based on employers' perspective. In FCA it is assumed that the work of those who are absent due to illness/ death is taken up by those who are unemployed within a fixed period of time referred to as the friction period [28] . We provide results based on both the approaches, thus providing a comprehensive picture of indirect costs.
Strengths
First, we report economic burden for all injuries and we are not confined to any one particular injury type (e.g. RTI). Second, the data collection for injury-related expenditure covered both the period of hospitalization as well as multiple follow ups during the post-discharge period (up to 12 months post injury). Third, apart from measuring the direct OOP payments made by the patient, we also collected data from patients and their caregivers to estimate indirect costs due to injuries. Thus, the overall sum of direct OOP expenditure and indirect costs give a comprehensive picture of economic burden due to injuries.
Most of the previous studies assessing the OOP expenditures for injury have relied on community based identification of trauma cases who sought ambulatory care in last 15 days or hospitalization in last 1 year [7] , [44] . Such interviews are usually limited in terms of recall bias. Secondly, these are usually cross-sectional and do not collect information on long-term costs. Our methodology of data collection improves these weaknesses of previous studies. In our study, cost-related data to estimate OOP expenditure were collected on a day-to-day basis during hospitalization with a recall period of only 24 hours. Another strength of our study lies with high follow up rates. Follow-up interview completion rates at each wave were over 80%, adding to the robustness of our findings.
Limitations
We acknowledge certain methodological limitations in our study. First, our study is based on self-reporting of treatment and expenditure related data. However, wherever possible our investigators tried to corroborate the findings with hospital and other related bills. Further, we could not elicit data on consumption expenditure in about 28% of the patients. Second, our sample was facility-based, recruited from public sector hospitals only, which may not give an overall comprehensive picture. However, we recruited patients both from secondary level l and tertiary level hospitals. Besides receiving new cases, the tertiary hospital also serves as a referral centre for other hospitals in the neighboring four states. Further, since we included only hospitalized cases, a limitation of our study is the inability to estimate the cost of ambulatory care. However, among the hospitalized patients we also collected OOP expenditure after discharge which included ambulatory care. Further, we did not assess the severity of illness since standard methods of assessing clinical severity, such as injury severity score (ISS), are not routinely recorded in clinical case sheets maintained by health care personnel in India. As a result of this limitation clinical assessment of severity was not part of data collection. However, we have presented results with respect to length of stay, which is an indirect measure for the severity of injury. Lastly, we did not collect data on direct non-healthcare costs including those associated with vehicle and other property damage and costs associated with police attendance and investigation of crashes, or other legal fees. This may have resulted in an underestimation of the overall economic loss due to injuries as reported by us.
Conclusion
The economic impact of injuries is significantly high in India both in terms of OOP expenditure and productivity losses. Availability of drugs and diagnostics needs to be strengthened in the public health sector to ensure equitable access to treatment. These results are important and should inform health care financing reforms in India as well as other countries having similar settings.
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